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(54) Ude : PROCESS FOR PRODUCING L-V ALINE AND L-LEUCINE 
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(57) Ahstract . 

L-Valinc is produced by cukuring in a liquid medium 
m microorganism demanding hpoic acid for growth, a mi- 
croorganism deficient in H+-ATPase, or a microorganiM de- 
manding lipoic acid for growth and deficient in H+-ATPase 
among L-valine- or L-leucine- producing microorganisms of 
the genus Escherichia, accumulating the L-valine produced m 
the medium, and harvesting the same. 
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^l±iKg-fe>^-> 3 9 7-4 2 21, 1 9 8 6^) . Ctt 
tZZ-C, xi/x>Jt7 ( Escherichia ) MKR-f -5 *©**«ti«K<D 

a l - o >r «> >&mm tisxmmztiz RttBtt* *r ui^^ •> x y t r k 

->f VD>f i/><D&mmfr&t>tlZ<0&~Z&2> (#1^5-3 0 4 9 6 9x'4#IB 
¥5-130882) o 

- n -f 2/ >£mtB*lR]-t3"ti\ ffffi^Sft^Wtt L y L - u -f -> >© 
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jfi-t2>&m*tz&/RVH*-ATP a s e L-/<y >XliL 

-?t&t>tt®mwv>%i i l y > t l - o •> >tkmm& 

L-o^'>>4itE*fnxv/x'J tTKKH-r*«&ttK:fclvC. H + -AT 
Pas e*^»U^Cli*«Fai-r*»^ttT*S« $ &K*H3IMfl©»3 ©» 
&4*tt\ L-/<y fcii L - □ •> >4^i^f t Sx-> x y tTJRKJR-a-* 
a^irfc^Tx &W©fctf>lwy#Ht£gj*U *^ H + - A T P a s e 

t/ciiL-D'f -> >©$sjig m&mkt s o 

ffi> ^^§tr*Jl>T. l"H + -ATPa s e^lIJ ili. «Bia*<H + -A T P a 
s e«tt£HKft«w$&SUttl*c:££lH^ H + -ATP a s e©8Si<Dtya 

9»^©»mjWBc:&tt^»£\ MH + -ATPa s eae^&i&asfts 

H + -ATP a s e^>/^*<H + -ATPa s e f£tt£*rL*£^ «fc ? 1 *> L < t* 
2 JELL©* * K©««U if At>U< ttX^lfllitfi^rtlCW^Stt^Ol^ 

■rnfc^tnSo i 1 v gmeda ^q^^^, t& i i v g , 

i 1 vM x i 1 vE RC M 1 vD ©£SfcT-£jpr3&©£inv Stt^fett 
KWlw_L_LvAae^F** Lttl *fc© t^ifo 

< 1 >*»w©»*«l 
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<DH + -ATP a s e^ftbtl^. 

<E>£W©fc#>K y M + -ATPa s e^fiUl^, 

Xli/StflT-ATPa s e£X»fS^JI (£*T\ I~H + -AT P a s e^Cti^ 

l - n >r *> >4=£tB*f*-£ u * fcttjueaiwfc© L-/<y>t>u<ttL-o>f 
y >*fciiL-o-f-»4S<6*irr4xv/x y kTKiwiW*tt&«&rc% y # 

SH^MItfcli/R^H + -ATP a s eXm%.&*m>A-?Z>Z£iZ&-,Th 

±M&*k®<D'frmzm^Z>tlZ>&&tillt UTii> y hT • 3 y (Escher 

ichia coli ; £TF\ TE. colij £*>t^) f©x->i >J tTJgfC^-T *»^tt"C 

i'>x'J t7 • 3'JK - 1 2 (ATCC 1 0 7 9 8) 
ij/i>J t7o>JW3 110 (ATCC27325) 
x->iiJk7-3UW1 4 8 5 (ATCC 1 2 4 3 5) 

tfH + -ATPa s eX&£A&&A-f££tix »««D£JHaS8u flW-tfXIft* 
fc. x«>x 'J t7li:It5ift^©tll<«#Alt 46©»eW^ftx 
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X&btlZ (A. A. Herbert and J. R. Guest: J. Gen. Microbiol., 53. 363-381(1968)) « 
U UTAf*W«Cl*E. coli I14851ip2(AT(£25645)^*^tf £tt£o 

H + -ATP a s eXmStm*. (£1T^ l"H + -ATP a s eXmm ii. 

Ii:CO+J:»)H 4 -ATPa s e £^UT I Z tiZJ: oT*§£ 

tlZo H + -ATP a s eX&WtLTMfctolUt, E. coli AN718CE. coli Gene 
tic Stock Center, Yale University^Department of BiolQgy)£££<$&tf &ft& e 

H + -A T P a s eli8SS0t7a-7 hti*&&K3k&{stL&.tt#!l 5 0^© 
JW£<£fi:»*T& tK ATP £flnzK#«? US @ tex-***-9L<LK «fc T 

^Be^JfflLTATP^fi)c-rS^tE«i:^Sc ZtzZOmmi*. IrtSttTH 
+ !IffiMJtoF Oiii^i. fl£^£t£T A T P <Dfrf&2k&4£fiZ } £:fflM~tZ> F 1® 
#U:#U-£*X> FOlia, b, c(D3U> Fllia. /S> r> <5> £©5S©t 
h^bM$nT^5o ;tlb0^Ot^y h*^t^TtH 
+ -ATP a s eXm&tlsTi&m-?Z>Ztfrft%:2>o H + -ATPase^ 

^tC«toTH + -ATP a s e ^mfc-f^zT^-v hWU^Jofc^t 

$ H * — A T P a s e ^SftTte&ttKJ U >®Kfc#*Tfrftt\ :xl*;U^- 

&mt&% Is^JMD 'J V^bTlT^nS £ H + — AT P a s e T 

c<htr«t-,T^H + -ATPa s e xmtmmow&fr'&ztiz Z tfrmWZtlZo 

C©J;9^H + - ATP a s e M#J£ UTtii^>? o'v* *>;U#;U*'>>-f K. 
fS«^lfi#^Ji LTii^y -T^ h y !7;M-oT-fe h 2 - n -y— yP- 4 - h 
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«f T-r^y >x 4, 5, 6. 7-f h77DD-2-h»J?;ktnyf^ 

H + -ATP a s e^fiUfc^fiRtSwilUoT, *5^liH + -ATPa 
s eXmtt&mWtLTZZK&mMMZm^ y £-5 Iwtt^*: 

MljRtSCiCcto^ y #&H;£t£g#l&tfH + -ATP a s eX^M* 

mzwzsum obit. ru#is*-H + -ATPa s extusu a^) a< 

1&t>tiZ> 0 y ISI*ttfIMH + -ATP a s e Xtt^H^t t>KWT 

SSWftli. Cft£<D^#|<D-#£W-f S^llftKx ?&S?^A. BKteftx *fflfl& 

W?Ltt* 'J#»8^*«ttiU, Wi:H + -ATPa s e 
f«A-r*c:£lI«ktK y #»fi*-H 4 - AT P a s e fcflU**<#€>tt£. 
»g\ UTIi±»Wl 4 8 5 1 i p 2#^\ H + - ATP a s e Xti^M© 

{fc%M£LT(i_tfeAN7 1 8 6*1*. *^ H 4 -AT P a s e&fcttc 

*©»»cy#M*tt«JI*»»#A-i-SCtlcJ:oT*>. y# 
SI$-H + -ATPa s eXti^W^n^o 

Jis£©J:^tCUT#^n^y ^8I*-H 4 -ATP a s e l/TIi* 
Witm. coli AJ12631^*^lf t>*l£o AJ12631#lix 1 9 9 1^7 M 2 4 
aiS^«Xj«^K^X^X^II5W»Hlfl-SB£#-^FERM P-12381 <*: UT^ 
tt$tls 1 9 9 5*£8£ 2 9 h^lca^<BNR*t£K#«$*U 
FERM BP-5209©Slt#^-^ft-^ * *IT I o 

<liH + -ATPa s e$C«£#S«U iztzli. 1 ) ^H^-H + -AT P a s efcfc 
&JH5Mc^ L y > & U < ti L - o >T > >^!6*ft4 U £ fc(4Ji£S#*l* 

m\zmr&9&m^ u *M*tt«ji*fctt/&tfH + - at p a s e^iu» 
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mmmz&A-rz :tiaot^ l y tzit l - n > >^ti^^fe s 

KliH + -ATPa s e^tt^HtfU £*:liy tf&^;fc-H + - AT P a s 

«E*iUMcr * c <t tr «fc o T# £ n * o 

i->x y krmtrjg-rs^^iwfc^T. L-/<y >©££j£©Si&g:pg<z>&: 
Jfote, i 1 vGMEDA ^P^a^TJ- K^ns^fifia^T^nSe 

i 1 vGMEDA ^o>ll i 1 v i 1 vM > i 1 vE , i 1 vD , i 1 

Vlf-f l+U<Dtt7'^.— v K K h7>X7;t-**> *J k Ko 

^^7=k K^^--tfSCFx Ut->f7 ~ ^---tf^zi- KLTl**. Cft£<D 
&m<Do?>^ 7-bbtKn*i/»'>^-^ h7>77;t-OTi?k Kd 
+ ->B?"rk — tftix k^Uk>&^£ L -^<y >^©£-J&&S&. ^2-^ 
h f&g?>&> £ L - f V a -T -> >^<D-&J5Jai»*ttJK U * >f7; ^— fefti 

l - >r v o >f 2/ >£^jj£^©#itJgpre& * l-x u^-- >^ t> 2 - >y h B&®^ 

SCI Ul\> ^®«):9<i:xi/t->f7^ — Hf«tt£»«LttlM_L_v 

GMEDA t^P ><t LTJix X U^- i ^— k'^fe^o «fc O K^Mfr 

i 1 v A tC&A<**l*:. Xte i 1 vA Mi^fftfc i 1 vGMEDA t^QX 
£51^* i 1 vA ^Uc i 1 vGMED t^o £*l£o 

i 1 v GMEDA t^o>ll L-'<y vM/XliL-'f Vo^f 
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i 1 vGMEDA t^n>j:l/TI^ x->x >J h7IiBBIa^©tO^ #KE. 
cnliFft5E£> i 1 vGMEDA ^n >i><&tf £>ft£o i'>x U tTJl*M<t LT 

^KftJRB^fttf^*** ^(*W»Ctt^-^ h'\rt/h£<D3HI (Neidhardt. F. C. 
et. al. . Escherichia coli and Salmonella tvphimurium . American Society 
for Microbiology, Washington D. C. , 1208, table 1) K&tf $>tlZ> k©*<*lffi"e 
i 1 vGMEDA ^D>^ft-5DNA®§4g«!:tT^^ffl^ 
fc^l^ l?4=%!g> i 1 vGMEDA t^P>^DNAW^nS. 
/crtfU »4=g!l i 1 vGMEDA ^P>g)DNAft4fj:l/T E. coli 
K-12^^tiJ_J_v_Gae^F*^ h^M£t>o XI 

i:gi4®fe57t h t Ko + i/fti/V^- tf©T>f Vlf-TAII (AHA SID # 
j^UT^tt^ (Proc. Natl. Acad. Sci. USA 78.922.1991) . ftoT I-12***DN 

MDNAi4Iiltffll^M^5, fcSt^li K-12ttcfc*<Z>#EW© E. 
coli *DNA^WtbTi_LvJIite : f-©***ISIU K-12#|i35f£© 
i 1 vGMEDA ^P>imiTU^o fttfr^ K-12^*DNA^m 

A-l.T i 1 vMEDA 8^»»U K-12»ft*©^^ E. coli *DNA 

EDA ^P>m. ttfc. T-tr ht Kd*'>»-»^- tfOT* V1f-f AH 
(AHA SID li*/h2o0D"^7 Mr£ *)<gj££*lT:fc *K ^^j.— ^ 
H* i 1 v G ^{£T-tC3- K$ntl^. /M-7.3.— ? H* i 1 vM jffc^m 

7"r— ^ 3 v*<Wfc*ii.fc i 1 vGMEDA t^o y ttM* 
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i 1 vGMEDAt^D>0 5' iiSfe^r^f-ST-r-i ^-^-©ttefc 
cfcCfi£SE^It±R. P. Lawther bi:«fcoTlt$nTl>5 (Nucleic Acids Res. 
15, 2137 (1987)) <, 

X V*— >tT I ±- -V&EMlsiXl* i lvGMEDA t^P >&&Z£ttftK 
UTx Tt— 3-- tltz i 1 vGMED At^D^ltlliftSC^ 

fc i lv GMEDA t^o >a<#£*l*o 

ffi^ja©BE^J#-^ 1 <h LTiaifeL/w^E^Jli. i 1 v GMEDA t^P >G> 
ME?1J0^> ^Dt-^-, T-^-^i-^-. 1 v GSfe^J- K 

i 1 vG &fc^-tCfcQj- K$tl57; y &IS^J£EJIJ#^2 KarTo 966#S^ 
t»971§S»rC>/c^DNAgS^Jii';-^-^^f- KrtK#£-r£ 2{B<Do^ ->V^ 
3-KU 999# @ ^ £ 1007# g K ^ fc S D N ABS^Jli 'J - 

KrtK#&-r£ 3«©'<y =j- ku ioo8#a^£ioi6 

«©««E«aJ^*3- K-T^o 1081Sg^£1104#gKWc£DNAB2mT^ 

1081#S^^1104#@{r^fcSDNABe^J«kt)^$nSRNA(C«fct)D-^ 
S ^-^-i->afA/;l/-^M$tl5fc>!)RNA^'J y 5— fe' 
Iw «fc £ LT i 1 v GMEDA t^ n > (*3g5i Ufc l \, 

tt^TU A K«fc mRNAW:<j:SM 
il*iJSt5J:^:tto^ ^miUT1081#e*^1104#gir^/cSDNAE 
^J<fcO^^*l^RNA{Cj:OBfi)c$nTl^co-^«c#S!<D^-i^-^-^| 
*.7-l±/J\'--7i)W&.Ztimt&Z>o C®/ci6RNA#y ^5— fcftCfcSIE^ 
LT i 1 v GMEDA t^ o > (i^fS-T Z> o L - V o >f •> >Xti L — o 
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^g2^J©966#S^t>971#Stwl>/cSDNAE^iJ. £fc(il081#S^t>1104#B 

•TUt>t>, T^-ai-*>3 ViCffi«tt«**B6*^-*itt. i 1 vGMED 
kCDCD-WlK, T^-^^-^-^SBICff^DNAWf^ifA-rSC: 

( i ) P4-g i 1 vGMEDA t^o ><DM& 

jJ_vGMEDAt^D >^ tWtS D N A^lUt^ IClix i 1 v GM ife 
^ i 1 vE gfe^x XJ^Dg^S^J_Lv_Ag^^fc©fc©«t#b. C 

Xl/t->f7it-^3- K-fr£ i 1 v A gfc^lfrftHtt^grCx i 1 vG 
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- 1 0 - 

•r * d n a *Jim v x t> x i * o 

£t\ E. coli x #J;U£E. coli K-128U E. coli 131108;. E. coli MC1061#c 
(Kl±:<D 3 mt i 1 vG 35<7U-Ai/7 h^jgCUTt^S) . E. coli MI162I* 
( thr-10 . car-94 . A " . relAl . ilvG603 . thi-1 ) . E. coli Btfc CEl±(D2mt 

^ h b U ^ h Xli^*XK£YL^ MJ -7 A (NaCl) ^in^/c^*<ffl 
l^tl^o ^ttftKliL-b roth (✓<? h • bVZfb>l%. b • J - 
X h • x+Xh7^ h0. 5%, NaCl 0. 5 96. 7K*1§0. 1 pH = 
7. 2) T&So tt*>\ ^ftfe©%0^pH(i. 6~8irii3gl-r^CD^jS^T*)^o 
£fci&#li3 0-4 2«C X $?2U<ti3 7 tiu&T4 - 2 4 HftHk iim*><^ 

M<i:9^#^/w{i#g^#^{C<fct)^f^o tt*>\ E. coli MI162#(*. 
E. coli Genetic Stock Center h*N) *fc 0 A#nTIET£>So 1^ 

#©5&3l§-^liCGSC5919T£So l*H*©#U*teHtt* Mol. Gen. Genet. 143. 
243 (1976). J. Bacterid.. 149. 294 (1982) tr£i£$*XTl>So 

£©<k-5KLT*§£ttrt:*£^£. #J;U£3,000 r.[xo.T'5^W^l/T 
E. coliCD^#:£#£o CCDMi*«k(9x 0Jx.{#£0x H^©^T& (Biochem. Biop 
hys. Acta. . 72. 619 (1963)) x K. S. KirbyO^i* (Biochem. J. . 64. 405. (1956)) 

m^mws-rtnt. mm^^mmommmmmmx^^o mz.a. s_a_u 3 a i ^ 
m (1^-2^) &i&fcDNAizrpmzitTzti&m<t'tz>o 

#DNA©^«rlwJ8Wc$tJf?BBI# S a u 3 A I tft— 5fciftt£gK#I&£b£-£ 
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zuvm^ M tfBam H i 3 o x;&l±., mm&m l-100a-7 

N A t0rtfS£-&l <!: f§9&€Jtff $ tl^^^^-DNA U CtltCDN A U if— 
L<(iT4DNAl> i&g4~l 6^. Bl^tm&l-'l 00a 

#£n/c!&glX.DNA£ffllvT\ li/x'J hTJSOSS:^. #J*.tf E. coli M 
1262** (leuBg. ilvI614 . ilvH612 . Al. relAl , spoTl . ilvB619 . ilvC6Q3 , 
ilvG605Cam) . thi-1 ) ©«k 9 UT* h t Ko^v'&v' ^8KJI»> E. 
coli AB2070** ( proA2 . trp-3 . hisC4. ilvE12 . metE46 . thi-1 . ara-9, lacYl 
or lacZ4 . galK2, malAl , mtl-1 . rpsL8 or rpsL9 , ton-1 , tsx-3 . AL Al. 
su P E44 ) (O&oU h7>X7;t- tfBfc»X*8U £>£t^li E. coli AB128(M* 

(hisGl, ilvD16 . metBl , argHl , thi-1 . ara-13 . lacYl or lacZ4. galzfi, 
xvl-7 . mtl-2 . malAl . rpsL8 , 9 or 17. tonA2 . Al* Al. supE44 ) ©J;-5tt^t 

^ftW&Zo ZCD&Wlte&l* D. M. Morrison©:£& (Methods in Enzymology 68. 

326. 1979) ^^^t^mmm^^ttiJwy^^-vmm^xDNAo^m^ 

(Mandel. M. and Higa. A. . J. Mol. . Biol. . 53. 159(1970)) t) ft O Z 

tti<-C£Z>o tffcx E. coli MI262£Mi> E. coli Genetic Stock Center CfcBu 
Z^lfv h*H) «fct)A^"It6T*>^o ^»05^3l#^<iCGSC5769T*>^o 131*© 
#L^t4Rli* Mol. Gen. Genet. .156. K 1977) ClfiifcSnT^So E. coli AB2 
0702M*. E. coli Genetic Stock Center CfcB ^ * * tt v h*H) «k9A#°Ttrc 
££o ^#©3fc5l#^liCGSC2070Tifc£o EH*©#.U*ttKl±* J. Bacteriol. . 
1M.730 (1972) jr£^$nTl^o 

^C^Tx llvGMEM^^D >©££&@emBJJ£*Nw£ftTl>£ (Nu 
cleic Acids Res. 15. 2137 (1987)) ©T% #^©$»JK^^^T^fei*D N 
AZmitt* £ <!: K «fc *K Eftt-tZm.fcT&mE-tZ D N A»rK-£#5g<D;g$ 
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- 1 2 - 

N A iZMte UTffl&X. DNA^MU DNA^ffll ^Ifefett DNA7 

*iw*tt*<ffi«$ ttfc«c*»? u i 1 yGM afe^-a-^a^ d n a £ t> 

i 1 vGM itfe^^-r^.ia^DNA^^o^^> i 1 vGM ilS^ 

— fe*©^St4ffliJ^&(±^ M. D. Felicet>©^{Ccfct)^T^C<i:^ 
"C^ 2> (Methods in Enzymology 166. 241) „ 

AH /<y >*^wunc^«^*-L"c^w^rteitt-3fca»*misiu 

D N A ^HJlR-r S C £ K «fc *) > i 1 v GM Sfi^^t^ D 
N ABJfJt^S C £#T'£ So 

&Sl^±. i 1 v GM afi^tfDN A g)£gBB?U liR. P. Lawther £ K «k 
T"T-CJC^^$nTl^ (Nucleic Acids Res. .15. 2137 (1987)) „ -£CT*> ^ 
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_t2BUrt:iitK E. coli K-12^CDJ_J_vG.ite : ? : ©4--^> • y — r>r >^ • 
e^cD^n K>OATC (1~3#@) ^t»$S[xT982~984#Bir^3 K>*<ffl 

^*So feiiLtfi->x «J tToiJMI 16 2«c(P i 1 vG ilfi^ (ilvG 
603) Tlix 982~984#Strfe^^3 K>TGACD|1j{^ TG© 2 A £ ft 
T> 7U- A^'iE^jr^oTl^o -€-©flfe{rol>T{i J. Bacterid. 149, 294 
(1982) © Fig. 2 (Cf£L ftTl^o 

i 1 v E itfe^#Wr^agl^.DNA^^o^M^, i 1 vE iH5^-&<? 
d — — l/jfc£ ft D N A ^-{S^-r £ £ -9 ^*«B-T * 3fr&ti JBJTOil 

f £ C i K £ *) . J_J_vE.fiiE^*^Wt-S D N ABrtf£#* £ *o 

fcSl^ix J_J_vJEit'fS : ? : -^t;DNACD^E^J(iR. P. Lawther y> \Z J: o T 
-^"T*trf|^$ftTl>S (Nucleic Acids Res. 15. 2137 (1987)) o 

i 1 vD afs^^W-r^ia^DNA^^o^^c^ i 1 v P itted? 

o - - > ^ $ ft &&x. d n a £«!#-r s t o fr&vm-r z •xmtsiT&m t> 

/<y >l!*tTfcS©tx v?t Ko*J/»fb K5^— lf^caSEIM**^Cffl 
^/c^(i> y<y v^WU^t^ifeiT^W^i^^/cM^miStU. 
tfcfr PNA£!n]iR-f C«fc*K i 1 v P jtfc^£r^rf 5 DNAIr 

*>£t,>{i x i 1 vP &fc^£#frPNAg>£gK?Ut*R. P. Uwther £ JC «k o T 
TKfS^ftTtr^ (Nucleic Acids Res. 15. 2137 (1987)) o -€"C"C. ^fit 
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JiiaM£Ms<Dfc©«fc?K &&X.DNA£ N mZ-l* P. Guerry k>®^& (J. Ba 
cteriol.. 116, 1064 (1973)) . D. B. Clewell Ottk (J. Bacterid. . 110. 
667 (1972)) *ii:iZ&t)mi&-rZ>Ct&'V£Z>o 

i 1 vGMEDA t^P>M^t:il i 1 vGM afe^tt^DNA 
JJLvE.itiE^^W'r-SDNAWfli-, RCf i 1 vD afi^tt^DNA 
»fM-^^-T^o ^"T^i^JCii. R. P. Uwther^JCckoTf T»r^$nT 
(Nucleic Acids Res. 15. 2137 (1987)) i 1 vGMEDA t^P^<£i 

i 1 v GMEDA a-^aXPgEjfte, %rfefli:_fctlg*fc%j i 1 vGMED 
At^u>*ft»t» HM©^&^{C,kt)^fe^DNA^ilSiU. 
# 'J ^ 5 — if f - jc > y T ^ *> 3 (PCR : polymerase chain reaction ; 
White. T.J. et al ;Trends Genet. 5. 185(1989)#J8) tw«fc^ i 1 v GMEDA 

tix i 1 vGMEDA ^-^a>g>^fg^^^<j:— Sg^^W-r^DNA— S 
^Ol3' 3^^trffiM-r^^(D^ffl^5 a i 1 v GMED A ^pXP— ggfg& 

tzwzmi® Ltzm^it. mn n A«fK-^^o -r £ o-c^nw^-a-tf d nai 

)t^0:DNA7^/7 y-<fc?)*? y-->^-T5ifiS5l3&<*5. i 1 v GM 
^DA^^o>©^i^^i!i5U/c^{r{i N iiilia^n^ i lvGMEDA t^ 
o V^tft^DN AtBf^^ti P C R££&£7#o-X^mm&lftK{ftL 
pftti^nNAttfK-»^m^-a^^tri:oT i 1 vGMEDA ^P>^ 
^-r^DNASff^^HIlRT^So CCD^KfclvC&x L-/<y>£M©Jfc» 
\Zf& UT«J_l_vA^^ii^T{i^ I ^~C\ i 1 v GME D Ufr<D&&ig$Z 

DNAzf?<<-?-&rpm-tZiUt, R. P. Uwther^lCcfcoTf TtCf|^$nT 
(Nucleic Acids Res. 15. 2137 (1987)) X coli <D i 1 v GMEDA t^ 

^7>f7-DNA0Mli> ***7^-r (Tetrahedron Letters. 22. 1 
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859(1981)#BS) «fc*K Ttffl5©D N A^j£i£e (#J;U£> Applied Bio 

systemsttSiDNA^fiSc«b model 380Bf£) ^fflOT^JfrT* C <b#T£ *o 
PCR&Jfcli. rfrSSOPCRSlSgg (/<-*>i^-tt«DNA-^— 
>f*5- PJ20001!^) £<£J8U TaqDNAl'J^--^ <*0 <fc 9 

So 

A $ ^>tr i I v GMEDA ^o >©#HfiE©5t^^liJtxEU/c 

i I v GME D A t^P ><Dft41^ tt> E. coli K-l2«U E. coli W3110«U 

e. coli m%mm*®im^tzm&Ki*. ±^tzXo^ j i vG iifc^cp*- 

IcR-TiB*****. E. coli MI 162*fc ( thr-10 , car-94 , Al. relAl, UvG603, 
thi-1 ) „ E. coli ^DNAt4Iil/fc^H i 1 v GMfc*tt*<D 

(ii) i 1 vGMEDA t^P>g)Tf~aX->3 yfcj&SttWOBfe* 

•*-*r*>t n l v GMEDA t^P >|:7f-ai- -> 3 >*^- £tt^.J: ? tt£ 
**3IAi~*lwttN i 1 v GMEDA ^PXPS' J:ifci£K#&-rST^— 
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7f-a -31- ^-£f£*-r* fc#>K l^ i 1 v GMEDA t^ o 9 T "r— 
^jL-^-SPctt) t>-t^©DNA»f>t-^l@SL. gfc i 1 vGMEDA ^d 

ft(*«fcl\> flJx-tf i 1 v GMED A ^n>®-5-£T-r~^-^-Sgcfc*) k-h 
afti^CDDNABfjm. ^#(D i 1 vGMEDA t^a>^t;DNABrK-^i 
^^£$iJIS^T^lllfrSC<i:{C«fcoTia^T^^o &£^tix i 1 v GMEDA 
yt^aXDo'ZT'r- U^ODNAIf)t*PCRi£(:«ko 
T*ii!isLT*>«fct\, P C R&Kfflt,^:/-?^ v-DNAti^ R. P. Lawther £ H «fc 
•9ttti:St$nT^-5 (Nucleic Acids Res. 15. 2137 (1987)) ^SE?lk 
G. Coppola ^KcfcoT-fT'Kfg^nT ^-5 (Gene 97, 21 (1991)) ^SE^IJ^ 
^lwUT^^UTt>ckC^ ££Kt4> i 1 vGMEDA t^P>g)^7f 
— &_ti>M© D N A Wr>t£fl:^fi£ ITti^o 

j 1 v GMEDA t^P>g)^7f- k TfifL^© D N A ftff 

i 1 v GMEDA t^P >&ffi%*mnLT\ T^r— jl 9—<D — fcte 
^ISfilMhMB^Sftfi: i 1 vGMEDA t^P >*W«-T5 £ £K«fc *} i 1 v G 
MEDA t^D >##£n£ So 7f- n.i-*-©ft*:fc<fctfi£SB2 

^IJliR. P. Uwthert»tr«fcoT-rTJC|S^$nTl^ (Nucleic Acids Res. 15, 
2137 (1987)) OT> £«DK*U*a£lC UTfik£-f* D N AS-B^TS. 

«r A JBfiW- £ i6 fci&IW: D N A l^'Vif A /OU- 7 s © _kSfE 

i 1 vGMEDA t^P O *>f&£ZtlZ> DNA^ 
«-J:*)t±«E*©DNAWrH-*iWiU 1 vGMEDA ^pXOt^ 

*$nS D N ASB#«fc 0 & Tiffed© D N ABf>f*W» UTM#*il*r*-fttf «fc^. 
flHiL tfi 1 vGMED A :fr^P>©^i&£3*l5DNAgg#«fc fe_h«Ettg>D 
N AWrH"M\ 5£^-B<D i 1 vGMEDA ^p >*#trDN A«f^*ifiStt«IIR 
#*T«W*-*C<fcKJ;^TiMll-C*£o **t*M\ i 1 vGMEDA ^p> 
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© 9 ft* D N ASB#«fc 0 t>±S£*£©D N A«rK"^ P C R&K cfc o Tif« 

UTti^o PCRSi:ja^*^7'f7-DNAtt, R. P. Lawther^tCfcoT-T 
TICfl^SftT^* (Nucleic Acids Res. 15. 2137 (1987)) Ig&WSffl* G. Cop 
pola€>£ J:-aT-TTIca^$nTl^ (Gene 97. 21 (1991)) *S£E?!I**K:U 
t-fb^l/ttil^. S&Ktt* i 1 vGMEDA t^PXD^H^cftlS 
D N ASB#«fc 9 t>±*«© D N A Bffi-fcfls^fifc LT *> <fc t \> 

i 1 v GMEDA t^o >©9^*^tlSDNA^J:HT^ODNA 

D N AHrK-*<«A3*lfc i 1 vGMEDA ^P >&mm-f2> CtlZ^lQ i 1 v 
GMEDA t^a >*«#£n£^£#£>£o T-r— a. ©ttfi*5«fc#t££ 
B2^iJ(i> R. P. Lawther£. &£l^*G. Coppola £ K«fc oTttlli^^nT 

©t. c (D&m&miz i/r # a s ft dna «f Atffc <fc » a $ 
n^DN AgfrtfcD^gE^stoe-rSo 

#A$ftS*rfc«i:DNA»r)m* T^-ai-*-*<o-#flc#S!©*- S * 

_ j *-$r_fc.> a ^A/yi/-^*BJ£-C*tt < tt5:i*<*!), zcDtztbT-f- 

J¥A3ftS*rfcttDNAW>i-©£XEflll*> tfASftfctfcKTr-- 
-^a-#^c#^©^- ^ ffc*> A/OU-^&J&JSfcUtt^J:-? KSfcif- 

s*u jpASft^i^^ra^a-rA/yu-^iaEjcaafe-rs/oj 

Tf~aX-^-0ffl:|ffi:DN A»fM"*Jf A-T-SfcaMrte. i 1 v GM 
ED A t^o >g)9 ^ff fcttD N AffjT-^PAgnS D N A%^ J: >? fe-h«Ett© 
D N ABf^^lSiSl U * **- i 1 v GMEDA t^P >©? *>3fr*:ttD N AHfrJt#* 
Jf A$tl5 D N A$P^«fc 0 ^Ti»tt^©D N ABJrtfSrfSSS UT. * A3ft S 
ifcttDN A»f)fr *«* UT 3 #*a«rrfttf J:l i 1 vGMEDAt 
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fta* ^<fe-g<P i 1 vGMEDA t^P >&ttD N AHfftf^it^ttftJIE^frC 
§J»ft- SC<i:tr<fc^Ti!l3KT^^o *S^W\ i 1 vGMEDA ^DXD^ 
Ifr/nteD N A »f M-jW* A £ft£DNASB#cfct>t> ±^^t© DNAI0r)t£PCR& 
KcfcoT*ti|iSLT*>,):l\, PCRSi:ffll^^7>fv-DNAIi, R. P. Lawthe 
r^Ki^T^TKf&^nTl^ (Nucleic Acids Res. 15. 2137 (1987)) £g 
62?lk G. Coppolat>lC<fcoT-rTIC|g^$tlTl^ (Gene 32. 21 (1991)) 
E^lJ^C UTYb^fiJc UT t <fct\, ££Ulti> i 1 vGMEDA ^D^tD-i 
^frfctt D NAiW^A^nS D N A£B# «fc t) t>±S^OD N A8frJt£fb^ 

i 1 vGMEDA ^p><P-?^»rfc<CDNABfH-^A$tl^DNAgB^J: 
9 feT«E«©DNA«f>f-*iH»-r*^*>ra*Ti&S. 

A£ ft*#r fc«C D N ABrtf tt<bS*<&/££ <fc TMKT* 5 . 

£ fe x i 1 v GMEDA t^P >© 9 tttztSl D N A »f Jt*<# A $ tlZ D N A 
fc-ktfE&ODN A»rtf\ *>&C*ll i 1 vGMED A ^~^p ><Dr> %%rtz 
^DNA^K-^A^n^DNA^HTWDNABf^PCRfti:,): 
oT*tMB"r*RKU ^^-DNAICjf A£ft*frfc/£DNA»rfi-£:iS2£LT 
fc<C«t^-C#So #Jx.<*> i 1 v GME D A t^o >g) 9 ^Irfc^D N AiK- 
*<#A3ftS D N AgB#<fc *5 4>±««©D N AWM"***^* fc&KJiH 3 ' 
flyDNA^-T^-K^ »A*nS«ffettDNAWffr©>t^©tt*am-*« K 
^Itr LT i 1 v GMEDA ^P >©9 £*ffcttD N AHffJta^ASftS D N A 
Sfrfr «fc 9 <>T*«©D N A»H-£«Mf "T *fc«>KJfH*S 5* iDNA^-fT- 

^Tl§"l§$n5 2SCDDN AWftf-£Si*£-r£o 

(iii) x UvT— >f7 i -t—e&^mmt 

f7U — -estt*55m Uncock 9 C> J_l_LAiHE^I^*bx £>£l>liffcm 
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i>Ttii<DD N AHff Jt£&*^3:&&#^:f £*l*o i 1 v A 2 ©0r®#J 

VmnU&V® W U S £ £ K <fc ^ T D N A Iff £^ (9 ft UT *> «fc I \> 

£ /c. iu^Jffi^SCfetr^D N A m<Di&®DK AmftZftA-tZ ZtiZX^ 

^^Ffst^-ft-r set m z> o 

ML/i^ i 1 vGMEDA ^d i 1 v A ^^L/c i 1 v GMED 

yf<a>&* jgKfeSI i 1 vGMEDA '^PVa^. CCT% TA'J ti. X 

— Kt-SJ_L_vAitiEiF-*^-ro 

(iv) iv/^U HTB»rB^^»*ft^<W^ i lvGMEDA ^DXDi 
A 

_hie©«fc 9 iw x.-rm^rLzmmw i 1 vGMEDA '^p >£^frD n AKrH* 

^MDNAiUT> *23ttm£»&«HwSAU iem$-a:SC<i:ir«kt)x _L 
1 vGMEDA 't^P K<**l£'<U >&^J5^©**#©$&«*«*IH£$ 

$/c> ytfc*nNAfrft«lftg i 1 vGMEDA 't^O^^lJffil/^ ilb©^ 
? * -D N A |C#A U*i ©*ttffl UTfci^. *55M K fcl^Tffl I d <fc ©"C 
^SCiOT^S^^^-DNAtLTti. K^^-DNAA^t 
< . fllittf pUC19. pUC18x pBR322x pHSG299. pHSG298. pHSG399> pHSG398> RSF1 
010> pHI119x PMW118. pMW219> pH218SP*<^tf fcftSo ffl!i:fe77-^DNA© 
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$ &fem i 1 vGMEDA '^D >©»^*S&*Wir*M|-rS^«>IC^ 

«Bfe3SI i 1 vGMEDA ^QVOi^: 1 a trp, Ptf(DMtrtT 
i<#0^ot- £iI*£UT t>«fc< x i 1 vGMEDA '^PVigoyp 

_L^CDioir x jgB&li i 1 vGMEDA , ^P>^trDNAIr)t j £ , § 

fcifefe{**D NAt UT*g3£KfiM$£ ikT t> «U i l vGMEDA 't 

^n>-£^irDNA»r)t£-> h7>X^-> 3 ^ (Berg, D. E. 

and Berg, C. It., Bio/Technol. , 1,417(1983)) ^ Mu7 7 -^ (4#W¥2-1 
0 9 9 8 5-^4^$S) £/cti*BI^&&&;i (Experiments in Molecular Genetics, 

Cold Spring Habor Lab. (1972)) £^/c#&T?i£^£^©&fef*{C&*i^ 

T*>ctt\> mmzmx-tzm&m i i vgmeda ^qxd^ iot^j: 

_tl£©,£ 9 K bTftgB£i n 1 v GME DA '^p >^VD NAi)t*> } ) # 
®^;£t£©x Xti/RtfH + -ATP a s e£&t&Lfcx->* V t TJgKJg-f S«B 
^jr^A-T^Cttrj:*). L-'<V >&&mtfflS>tlZo M&M i 1 v GME 
DA't^o N Alf jtmt/:x-> z 'J tT«KR-r*tt&«&«^ U 

#&^t£Xti/2fctfH + -ATP a s e^a*iAUfeL-/<'J >&Mn«* 

C2) l-o>t 

Pas efc^gHCtoT* ttfert©tt»©Sfcft#L--'.<y ^JjfcWtfc^ftt:: 

^Xti/StflT-ATP a s e ^tR^K«fc oTlEiiSftS £%*.£*l3o Ufc 
*<oT. L-o>f v/>^te*y*M#ttSEHtt> H + -A T P a s 
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< 2 >#3§BJJ©L-/<y >*fettL-D>T*>>©S8lft& 

-C££o £©&> L—'OJ >©»JS»wtt*5Bia©L-^y L-o-T 
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&mi,*z>ztfrft5£z> 0 mmmtLxit, mn^mi"*^ 

&&m*2 0-4 OW. #£U<<i3 0-3 8 'CCDfgfflW? o l&tfKDpHti 
S#5-9CD$EllT;fc*K 6. 5-7. 2<D%Zm&&* U\, *&J&©pHti. T 

mite, ^7X; Kp H S G S K^itS^I^tiT*^ . 
0 2li> ^7X; Kp dGMHiin^I^t0T^5, 
i3(j:, ^7X; KpMWGMA2£*t^*^m£*-r0T£>£ o 

i5li, ^7X; K p MW d A R 6 5^^t0T*5 0 

1. JgBfeSi i 1 vGMEDt^D>M^77i KpMWdAR6Q%j 
x->iUk7-3»JMI 1 6 2#«fctK &fe#DNA£ttiajL/Co ^£rfef*D 
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NA£#JIEg^H_Ln dlllTSJWrU/Co i 1 v GMjtfe^^HxJLdHI- 

H j n dlll DNA8rm*4. 8 k b ©SST&S C tWm UT^So 

4. 8 k b|u^©^$^t-SiLULdIII-iii_n d III DN ABfrJi'^ 

5 h x^^-pBR3 2 2 (£«& (80 .fcOffilA) £ H i n d IIITflJBf UT# 

5x ->x'J t7-3»JMI 2 6 28UIi#AL/Co Bff3£&SnTT*ht Ku* 
K«i»Ufc. KO«3t*IWrUfc»*x P B R 3 2 2(DH±JL d II 

b©DNAWf>t^}fA$nTl>/Co ^7X; K^pBRGM7^bfco 

Gene 92. 21. (1991X Proc. Natl. Acad. Sci. U. S. A. 28, 922. (1981) t 
J. Bacteriol. 149. 294. (1982) \m^ZtlT^Z> i 1 v GMjtfe?-g>aflfcgBI 
LT. E^mge?lJ#^- 3 £R*>J*#4 Klfii&U U 3*7 * I/**- 

KPNA^JSUfc. ^DNA^7^7-<i:UT> MI 1 6 2tt©lfeMDN 
A£§IS}<i:UT\ PCR&JITDNAOltMBfcfTofco lfiffi^n^D N AWf^li 

WtSDNAIfH-T**. PIWfH-*KM- (A) £-T*o 

^HIlCbTx Gene £2. 21. (1991X Proc. Natl. Acad. Sci. U.S. A. 78. 922. 
(1981) t J. Bacteriol. 149. 2M. (1982) i:*«tiTl**tt*Eai*#* 

»cut. wmm-wzm^s &Kfl#*6i=e*ui:***y * kdn 

A£<£j£Lfco SDNA^7^7-i:UT, MI 1 6 2*fl)«!6»DNA*» 
SItUT. PCRfelZTDNA<Z>i*IB#fT-»rt:. IMISttSDN A«fK*l*E7»JX 

i ire«t*n*«atiWi©->^ii6i*B^&242i#B©»«* 3 firr*D 

NAiitT^So f3»rtf£-»rtf (B) <*rir*o 
Wtf (A) » Sma ITifi<fcUT»6nS^H-fc. K**-pUC 1 8 (S 

Sit) » Sma 1 TiUftl/TH&n&DN Alrfr j:«tfebTr77 $ KpUC 
A*fMUfc. Wf)t (B) » Kon l Tfl*<fcl/TW6nS*ttfrl:, pHSG3 
9 9 (Sifiife) » Hi n cIIR^lLP-n I T^ttlT^ftS^Ktrfr^ggrl 
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-CilHfcU S&ftKBrtf (A) ^t;DNA»fK-*m«Uyte KpHS 
GB£iLi_n dUIT'JKtffcU D N Atf U / 5— t? I ©^77^ > h 
75^>h) ^JfJ^T^ttf^^^igftU 3£KP_s_LlT#tfl:U 
tfJK»f)t (B) £#irDNABff)t£m3£U*:o MD N AKrJt^gi U ^7X; 
KpHSGSK^MU;, 

pHSGSKK&«fc$n*. mft (A) S^iK- (B) i:4*nSma I - 
Kpn I»r)t£»r>t (C) tftZ^tZo »f>t (C) i 1 vGM afc^t: 
4. 8 k b£> H i n dlll- H i n d IIIftlrK-£ S m a I £ Kp n I T^J»rUT# 

So JK-t* pHSGSK^«|^-rS^m^01{r^ii6^c 
7*7X; KpHSGSK^Smal <tK£_n I TMfc-fZ C t)»f>T- (C) 

^X; KpBRGM7^Sma I £ ILp^ I T^fc-T* £ £K<fc 
NABfJt^. M#*ii^U/Co ibft/^X; K^pdGMl^Uo 
pdGMli^i^ i 1 vGM Sfi^tM. 6 kbg) H i n dlll-H 

r A a t t GMJ tiat^o JElJtx p dGMl£*t^-f £#JlE£0 2i::£<!:a6 

/Co 

#1^2-4 5 8^fg»raa$nT(r>5^5Xi KpDR I A4li, * 

+ hyl/^^-pDR 1 1 2 0 t> E. coli K-12&3fe©X \s3t—1/-t7 I 
±— fef£ 3 - Kt-^JJL^stfe^c;j_LvD.mfeT-© 3 ' ;fc$£fljCD— 
t 'Bam H I — B a m H I mft t1)<i&&£tlTmmZtlZ>o ^ Bam H I - 
B_amH I BfK-tix #11^2-4 5 8^|gT{i> 2. 3 k b <t£*&£ftTt>£ 
^ m^ET{i2. 7 5 k bT-bZZ tfrVm ^Tl^Zo 7"7X; KpDR I A4 
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teT/l/tf^-ry »>A . 77/<AAJ 1 2 3 5 8 (FERM P-9 7 64) $> 
S^tt^l/feVC^-rU *A • 7 5a*AAJ 1 2 3 5 9 (FERM P-9 7 6 5) 
©SfefettDNAttK^-rSo cnb©^b««J:D^7Xi KpDRI A 
4£|S§SJT£*o iSU p D R I A 4 li_vAjlicW3- Kt 5 7 l/t 

zlI/^tT x J— i*> L - >f V o >f -> > II J: S 7 * - K'< <y * ffi^'«?Bfc $ ftT 

KpDR I A4 _tGDB_amH I -B_amH I 2. 75kbODNABf 

-tf^o-- K-d-^ _j_jjvA«^^»^ H i n dlll- B am H I »f)t£iS3$!iLx ^ 
?^-pMWl 1 9 (-y#>^->4t«) £H_i_n dIIi;RtfB_a_mH I« 
UT#£n*DNABfftt<h^£iU/wo C o UTtf^Sn/c^X I K^pMWA 
1 ttirZLtio 

•f^Xl KpMWA l^iLLn. d IIITOTUT#£*l*D N ABrttct. :7°5X 
= Kp d GM 1 ^Hji^ TH7MniHrLT»fei-iS i 1 vGM fife^tt;DNA 

Itia-,!, i 1 vGM jtfe^g)^^ <!: J_LvASi£T-©^^I^ t tm 
■fifatte-3tzt><D*mn\s. :n^7X;KpMWGMA2<b^U:, pM 
WGMA2WU 7r-.i^-»- ; frtefeSsh.*: i 1 vGM itfc^ i 1 v Ejftfe 
^CD5' 5^aS<H0O> — SP^ i 1 vD &fc^g>3- ^flfl©— SP^WbT^^o 
H-t. pMWGMA 2 3 i:t iJ6fco 

Ji->i»J tToiJMI 16 2#©&fe#DNA£18jgiU C ft£_Sa_J_ I 
# P s t I-C^ISfUTDNAWfK-iB^^^^o — ^^-PUCI 9 
(^jgittt) ^S_aJ_IR^P^_LlX'^J»fLTDNA»f>t^l9SSiU^c DNA 
BfH-S^tpUC 1 9*^»r$nT#^nSDNA»fK-<b^^U D N AiS 
&®Zmz 0 KDNAS^i^x h 7 >77 ; t-*B A B 2 0 7 
Ott (J. Bacteriol. 109, 703. 1972. i->x'Jb7-3'J S>x*-f--r -y^Xh 
♦y^-fe>^-*^^o CGSC207 0) ClAU ^§m&3nT#l&itT 

KpUC 1 9^S_^TRC/P_s^IT^KLT#t>tl^D.NA»rK-<i:. 
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i 1 v E »fe^^tf S a 1 I - P s t I DNAHffJW^SftTWCo Z<D7 
77i K^pUCEl tft£ L/^o pUCEUt i 1 vM jSfe^g) 3 ' 3c$£fl!l 
©—gg. i 1 vE fig^ J.J.vMfE^© 5 ' ^jgflJO-^fltl^. 

p MW G M A 2 £ H i n d 1 1 1 TUftfeit LTD N A »f >f U/c 0 — 

# x pUCE l£Hj_n dUIT^IWfU i 1 vE Ste^O— gg£ i 1 v D ^iEdF 
05' 5fciftfl!©— 1. 7 k bg) H i n dlll- H i n d III DNABfJi- 

zmmisfco M^^UT^t>n^DNAii^^ffli^^t Ko*j/»ft 

Wfrt>. Zf^Ts* h'&MWlLtztZZ^ pMWGMA2#Aa t t GMt i 1 v 
A£©fl3K#&t-£iij^dIIIireT^ p 
u c E l ir fi^-T Sj_j_vE.jg^©— SB<t j_ULDitfE^o— £B<t£^t; l . 

7 kb(D H i n dlll- H i n d III D N A BfrJt^JIISSnTfc 0 » i 1 v GME 

£l±> p MWD 5 4 i:i ifefc. 
£t±Oii:U^b^7 7J KpMWD5<i. pMWl 1 9*U??-£ 
l/Tfc^K T^r-— -, 3L— i/ VtOi^ti^&fr'l&^n*: i 1 vGMEDA t^ 

lT#btl/c^7Z; KpMWD5^SnaB I T05£ilHfcUfc8U 

Ac c i 1 1 -vm&mit bfco #t>nfcDNA » j* *n awt n iv a ag^o^^ 

iKS$nfc^7X; KpMWdAR6*#fc (0 5) 0 d ©JUlC b"C# Z>tliz~7 
77; KpMWd AR6li7f-aX-> 3 >IC<&^#€gi££^£x -B.Q i 1 v 
AlBte^rtBS&Sn*: i 1 vGMEDA t^D>^fn^7X$ KT^S. 

2. >4=3nj5g>iiM 

KIP,<P£ nlClT?S i 1 vGMED ^P>H^7X; KpMWd A 
R6£flH*T\ U#M£fcttXIM*E. coli W14851ip2 (ATCC25645X H + -AT 
Pas eX.mm.mW E. coli W1485atpA401> V tf&^jfc&-H + -AT P a s eX 
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E. coli AJ12631 (FERM P-12381X E. coli W1485 (ATCC1 

1) E. coli W1485X P MW d A R 6 

2) E. coli W1485atpA401/pMWd AR6 

3) E. coli W14851ip2/pMWd AR6 

4) E. coli AJ12631 /pMWdAR6 

E. coli AJ1263K*. E. coli W14851ip2 (ATCC25645)JC, E. coli AN718 (CCS 
C6308)tcS^-T^H + -ATPa s e©F \ <D a^zT^-v Mr^^Wr*^ 
s ^ T ^^ at pA401^Plkc7r-^ (IFO20008) K <fc ^TJ&Sf^A-TS - £K «fc 
oT#£ttfc«rC£>S (#H¥5- 1 3 7 5 6 8#RR) . H + - A T P a s eXtR 

^m&G-? s j&w&KM&Mmi., atpA4oiitfE^oia^{cae-r 5 bgiiifc^s- 

T*J*K ^£S!bglfifc^ (bgD ^W-T^E. colitt-^U->>*»<fcT*ttt^x 
^bgljtfc^ (bgl + ) £W-f£E. coliti-fr U > <DB&RR.£ UT&WC 

#S«fc-9tw/Xt). spjRjgfjfetc-rotf-A-yU^I/- (BTB) £gS}ja LTfc < £-9" U 

oT. lEHMbglate^ (bgl + ) <hatpA401«e^^^mSK#A-rn(i. H + -A 
T P a s e fc»«JM**a&*«k < SAW* - £#T£ So 4f, & coli AN718* 
6*y^V»fttt (bgl + ) ***MiU J^^TAN718(bgl + )»tCPlkc^^$-tir. 
WfcftfcJMHteffi^TE. coli W14851ip2©^K#A*ffo/i:o '&t>titzj&nm 
A«c®^i^WH + -ATPa s efg&SrH^x U #!H6*t£fttfH 4 - A 
TP a s e^lC^W^jtUl^Ct^SliUo 
E. coli W1485atpA401(i. l^tiKbTE. coli I1485CatpA401«M*ALT 

sfe*fcflll2 L-/<'J >g>^ 
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h U -f h >l%. B£^*xO. 5Sk NaClO. 5X. 5*x T > h°-> U >100^g/ml^ 

«t»-7>^f>5**£0.001X. B£Si*x0.2X, h MJ ^h>0.2X. 
>"5A3Sn PH7.0) KgMtUT. 37 - CT24BtlHHSStfS*Lrt:. U #»3?#tt«e©igF 



E. coli Bfffe&# 


L -/<y >m.mm(g/D 


W1485 


0. 1 


W 1 4 8 5 /pMWdAR6 


6. 9 


W 1 4 8 5 atpA401/pMWdAR6 


8. 0 


W 1 4 8 5 lip2/pMWdAR6 


7. 8 


A J 1 2 6 3 1 /pMWdAR6 


9. 2 



T^-- -. jn-iz =, l/lZjftgttWfrfttl Lfc i 1 v GMEDA '^d ytttiV 
NABfit^AUT^^n/cE. colili. L -v<y tlTl^SC £ 

*<«W^3^T**. ^/w. m££LTy#Bffi#f?lrC**K *>oH + -ATPa s e 
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(l)-&1ttfl 

(i) ajj&A : ^(om^^tt 

(ii) fSBJ3©£lfc: L-'<>) >RZfL-uJ i/>(Dmik& 
(iii) BE?ll& : 12 

(iv)'3M»5fe: 

(A) IS£ : 

(B) #% : 

(C) ffi : 

(D) >H : 

am : 

(F)ZIP : 

(v) uyyZ^-fWmKttimZyZ 

am**-. 7D7t-f^^ 

(B) 3>h°i-^ : IBM PC 

(C) ftfri/7fA : PC-DOS/MS-DOS 

(D) V7h')x7: FastSEQ Version 1.5 

(vi) Wtt&mT-? 

(B)tiiSIQ 

(viiotmA/mmmffim 

(A) £tiu : 

(B) g£i#-S§- : 

(C) &3#-5§- : 

(A) m^#-^ : 

(B) 7 7 ^'>i : 



(2) S2^j#-^ i ommomn: 

CO E*IJ©t£ff: 

(A) SS?lJ<D^£: 2841 base pairs 

(B) B£^J©1!: 

(C) m©«C: 2*@1 

CD) h#u^-: w.m& 
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(ii) E£1J©I1S: Genomic DNA 
(iii) /W^-fe-r-f iJfl". NO 
(iv) T^-tr^*: NO 

(vi) mm- 

(A) *E$b%x : x'JhT 3iJ ( Escherichia coli) 

(B) MI162 
(ix) Be^IJ©#gi: 

(A) 4«fc*»-E#: CDS 

(B) 957.. 1055 

(C) «Fa*ft^Ufc*&: s 
(ix) B2?lJ<Z>#$:: 

(A) #®£^f : attenuator 

(B) ##fr© : 1081.. 1104 

(C) 4«*£tt£Ufc2r8c:S 
. (ix) E7U©4#«: 

(A) 4#a**-rs^ : CDS 

(B) #£ftff : 1195.. 2841 

(C) #®£fc£L*::£&:S 

(ix) E?lJ<D#Fm: 

(A) 4$&$&*4~£# : cleavage-site(Smal) 

(B) ##&g : 52. . 57 

(C) #®*^U^J*:S 

(ix) mm<D&&: 

(ky#8L&&ttt : cleavage-site(Kpnl) 
(B)#£&e : 2395. . 2400 

(xi) E^IJ: SEQ ID N0:1: 
CTCGCTTTCC TTGTTCCTGA CCGATAACAT CACTCAGATC ATGTTGTAGC GCCCGGGATA 60 
CTGCATCAGT TGGTTTCGGG CGTTCGAGAG CGTGCTTACC TTCCAGAAAC GCACAGACAG 120 
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CTTGCACATG 


ATCGGCTATC 


AGGCATCCTT 


CACCGTTAAT 


TAGCCCCACT 


TCATCTTCGT 


180 


TATCTTTCCC 


GACGATAATT 


TTTCTGCCCG 


ACTTAATAGC 


TTCAGTTGCA 


CTGGAGATTG 


240 


CGCCGGGAAC 


GCCACGCAGA 


GCGCCTGTAA 


GCGCCAGTTC 


TCCGACTAAT 


TCATATTCAT 


300 


CTAACTTATT 


GGCTGTAAGC 


TGTTCTGAGG 


ccgccagcaa 


CGCAATGGCG 


ATAGGTAAAT 


360 


CATATCGTCC 


CCCTTCTTTT 


GGCAGATCAG 


CTGGAGCCAG 


GTTGATGGTG 


ATTTTTTTCG 


420 


CCGGATATTC 


ATATCCGCTA 


TTGATAATGG 


CGCTGCGCAC 


GCGATCGCGA 


GCTTCTTTTA 


480 


CCGTTGTTTC 


TGGTAAGCCC 


ACCATCGTTA 


AGCCGGGTAG 


ACCTTTACTG 


ATATGTACCT 


540 


CAACAGTGAT 


CGGGGGCGCA 


TTTACTCCCA 


GGGCTGCGCG 


GGTATGAACA 


ATTGACAGTG 


600 


ACATAAGCCC 


TCCTTGAGTC 


ACCATTATGT 


GCATAAGATA 


TCGCTGCTGT 


AGCCCGCTAA 


660 


TTCGTGAATT 


TTAGTGGCTG 


ATTCCTGTTT 


ATTTGTGCAA 


GTGAAGTTGA 


GTTGTTCTGG 


720 


CGGTGGAATG 


ATGCTCGCAA 


AAATGCAGCG 


GACAAAGGAT 


GAACTACGAG 


GAAGGGAACA 


780 


ACATTCATAC 


TGAAATTGAA 


TTTTTTTCAC 


TCACTATTTT 


ATTTTTAAAA 


AACAACAATT 


840 


TATATTGAAA 


TTATTAAACG 


CATCATAAAA 


ATCGGCCAAA 


AAATATCTTG 


TACTATTTAC 


900 


AAAACCTATG 


GTAACTCTTT 


AGGCATTCCT 


TCGAACAAGA 


TGCAAGAAAA 


GACAAA 


956 


ATG ACA GCC CTT CTA CGA GTG ATT AGC CTG GTC 


GTG ATT AGC GTG GTG 


1004 


Met Thr Ala Leu Leu Arg Val lie Ser Leu Val 


Val He Ser Val Val 




1 


5 




10 




15 





GTG ATT ATT ATC CCA CCG TGC GGG GCT GCA CTT GGA CGA GGA AAG GCT 1052 
Val He He He Pro Pro Cys Gly Ala Ala Leu Gly Arg Gly Lys Ala 

20 25 30 

TAGAGATCAA GCCTTAACGA ACTAAGACCC CCGCACCGAA AGGTCCGGGG GTTTTTTTTG 1112 
ACCTTAAAAA CATAACCGAG GAGCAGACAA TGAATAACAG CACAAAATTC TGTTTCTCAA 1172 
GATTCAGGAC GGGGAACTAA CT ATG AAT GGC GCA CAG TGG GTG GTA CAT GCG 1224 

Met Asn Gly Ala Gin Trp Val Val His Ala 
1 5 10 

TTG CGG GCA CAG GGT GTG AAC ACC GTT TTC GCT TAT CCG GGT GGC GCA 1272 
Leu Arg Ala Gin Gly Val Asn Thr Val Phe Gly Tyr Pro Gly Gly Ala 

15 20 25 
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ATT ATG CCG GTT TAC GAT GCA TTC TAT CAC GGC GGC GTC GAG CAC TTG 1320 
He Met Pro Val Tyr Asp Ala Leu Tyr Asp Gly Gly Val Glu His Leu 

30 35 40 

CTA TGC CGA CAT GAG CAG GGT GCG GCA ATG GCG GCT ATC GGT TAT GCT 1368 
Leu Cys Arg His Glu Gin Gly Ala Ala Met Ala Ala lie Gly Tyr Ala 

45 50 55 

CGT GCT ACC GGC AAA ACT GGC GTA TGT ATC GCC ACG TCT GGT CCG GGC 1416 
Arg Ala Thr Gly Lys Thr Gly Val Cys lie Ala Thr Ser Gly Pro Gly 

60 65 70 

GCA ACC AAC CTG ATA ACC GGG CTT GCG GAC GCA CTG TTA GAT TCC ATC 1464 
Ala Thr Asn Leu lie Thr Gly Leu Ala Asp Ala Leu Leu Asp Ser He 
75 80 85 90 

CCT GTT GTT GCC ATC ACC GGT CAA GTG TCC GCA CCG TTT ATC GGC ACT 1512 
Pro Val Val Ala He Thr Gly Gin Val Ser Ala Pro Phe He Gly Thr 

95 100 105 

GAC GCA TTT CAG GAA GTG GAT GTC CTG GGA TTG TCG TTA GCC TGT ACC 1560 
Asp Ala Phe Gin Glu Val Asp Val Leu Gly Leu Ser Leu Ala Cys Thr 

110 115 120 

AAG CAT AGC TTT CTG GTG CAG TCG CTG GAA GAG TTG CCG CGC ATC ATG 1608 
Lys His Ser Phe Leu Val Gin Ser Leu Glu Glu Leu Pro Arg He Met 

125 130 135 

GCT GAA GCA TTC GAC GTT GCC TGC TCA GGT CGT CCT GGT CCG GTT CTG 1656 
Ala Glu Ala Phe Asp Val Ala Cys Ser Gly Arg Pro Gly Pro Val Leu 

140 145 150 

GTC GAT ATC CCA AAA GAT ATC CAG TTA GCC AGC GGT GAC CTG GAA CCG 1704 
Val Asp He Pro Lys Asp He Gin Leu Ala Ser Gly Asp Leu Glu Pro 
155 160 165 170 

TGG TTC ACC ACC GTT GAA AAC GAA GTG ACT TTC CCA CAT GCC GAA GTT 1752 
Trp Phe Thr Thr Val Glu Asn Glu Val Thr Phe Pro His Ala Glu Val 
175 180 185 
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GAG CAA GCG CGC CAG ATG CTG GCA AAA GCG CAA AAA CCG ATG CTG TAC 1800 
Glu Gin Ala Arg Gin Met Leu Ala Lys Ala Gin Lys Pro Met Leu Tyr 

190 195 200 

GTT GGC GGT GGC GTG GGT ATG GCG CAG GCA GTT CCG GCT TTG CGT GAA 1848 
Val Gly Gly Gly Val Gly Met Ala Gin Ala Val Pro Ala Leu Arg Glu 

205 210 215 

TTT CTC GCT GCC ACA AAA ATG CCT GCC ACC TGT ACG CTG AAA GGG CTG 1896 
Phe Leu Ala Ala Thr Lys Met Pro Ala Thr Cys Thr Leu Lys Gly Leu 

220 225 230 

GGC GCA GTA GAA GCA GAT TAT CCG TAC TAT CTG GGC ATG CTG GGG ATG 1944 
Gly Ala Val Glu Ala Asp Tyr Pro Tyr Tyr Leu Gly Met Leu Gly Met 
235 240 245 250 

CAC GGC ACC AAA GCG GCA AAC TTC GCG GTG CAG GAG TGT GAC CTG CTG 1992 
His Gly Thr Lys Ala Ala Asn Phe Ala Val Gin Glu Cys Asp Leu Leu 

255 260 265 

ATC GCC GTG GGC GCA CGT TTT GAT GAC CCG GTG ACC GGC AAA CTG AAC 2040 
lie Ala Val Gly Ala Arg Phe Asp Asp Arg Val Thr Gly Lys Leu Asn 

270 275 280 

ACC TTC GCG CCA CAC GCC ACT GTT ATC CAT ATG GAT ATC GAC CCG GCA 2088 
Thr Phe Ala Pro His Ala Ser Val lie His Met Asp He Asp Pro Ala 

285 290 295 

GAA ATG AAC AAG CTG CGT CAG GCA CAT GTG GCA TTA CAA GGT GAT TTA 2136 
Glu Met Asn Lys Leu Arg Gin Ala His Val Ala Leu Gin Gly Asp Leu 

300 305 310 

AAT GCT CTG TTA CCA GCA TTA CAG CAG CCG TTA AAT CAA TGT GAC TGG 2184 
Asn Ala Leu Leu Pro Ala Leu Gin Gin Pro Leu Asn Gin Cys Asp Trp 
315 320 325 330 

CAG CAA CAC TGC GCG CAG CTG CGT GAT GAA CAT TCC TGG CGT TAC GAC 2232 
Gin Gin His Cys Ala Gin Leu Arg Asp Glu His Ser Trp Arg Tyr Asp 
335 340 345 
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CAT CCC GGT GAC GCT ATC TAC GCG CCC TTG TTC TTA AAA CAA CTC TCC 2280 
His Pro Gly Asp Ala lie Tyr Ala Pro Leu Leu Leu Lys Gin Leu Ser 

350 355 360 

GAT CGT AAA CCT GCG GAT TGC GTC GTG ACC ACA GAT GTG GGG CAG CAC 2328 
Asp Arg Lys Pro Ala Asp Cys Val Val Thr Thr Asp Val Gly Gin His 

365 370 375 

CAG ATG TGG GCT GCG CAG CAC ATC GCC CAC ACT CGC CCG GAA AAT TTC 2376 
Gin Met Trp Ala Ala Gin His He Ala His Thr Arg Pro Glu Asn Phe 

380 385 390 

ATC ACC TCC AGC GGT TTA GGT ACC ATG GGT TTT GGT TTA CCG GCG GCG 2424 
lie Thr Ser Ser Gly Leu Gly Thr Met Gly Phe Gly Leu Pro Ala Ala 
395 400 405 410 

GTT GGC GCA CAA GTC GCG CGA CCG AAC GAT ACC GTT GTC TGT ATC TCC 2472 
Val Gly Ala Gin Val Ala Arg Pro Asn Asp Thr Val Val Cys He Ser 

415 420 425 

GGT GAC GGC TCT TTC ATG ATG AAT GTG CAA GAG CTG GGC ACC GTA AAA 2520 
Gly Asp Gly Ser Phe Met Met Asn Val Gin Glu Leu Gly Thr Val Lys 

430 435 440 

CGC AAG CAG TTA CCG TTG AAA ATC GTC TTA CTC GAT AAC CAA CGG TTA 2568 
Arg Lys Gin Leu Pro Leu Lys lie Val Leu Leu Asp Asn Gin Arg Leu 

445 450 455 

GGG ATG GTT CGA CAA TGG CAG CAA CTG TTT TTT CAG GAA CGA TAC AGC 2616 
Gly Met Val Arg Gin Trp Gin Gin Leu Phe Phe Gin Glu Arg Tyr Ser 

460 465 470 

GAA ACC ACC CTT ACT GAT AAC CCC GAT TTC CTC ATG TTA GCC AGC GCC 2664 
Glu Thr Thr Leu Thr Asp Asn Pro Asp Phe Leu Met Leu Ala Ser Ala 
475 480 485 490 

TTC GGC ATC CAT GGC CAA CAC ATC ACC CGG AAA GAC CAG GTT GAA GCG 2712 
Phe Gl / He His Gly Gin His He Thr Arg Lys Asp Gin Val Glu Ala 
495 500 505 
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GCA CTC CAC ACC ATC CTC AAC ACT GAT GGG CCA TAC CTG CTT CAT GTC 2760 
Ala Leu Asp Thr Met Leu Asn Ser Asp Gly Pro Tyr Leu Leu His Val 

510 515 520 

TCA ATC GAC GAA CTT GAG AAC GTC TGG CCG CTG GTG CCG CCT GGC GCC 2808 
Ser lie Asp Glu Leu Glu Asn Val Trp Pro Leu Val Pro Pro Gly Ala 

525 530 535 

ACT AAT TCA GAA ATG TTG GAG AAA TTA TCA TGA 2841 
Ser Asn Ser Glu Met Leu Glu Lys Leu Ser 
540 545 



(2) SS^lJ#-^2(DBE^JCDltfg: 

(i) w>mo&%- 

(A) WM<E>&% • 548 amino acids 

(B) tiMtoM' TZSm 

(D) h#us?-: mrnvt 
(io mmomm: 

(xi) E^IJ: SEQ ID NO: 2: 
Met Asn Gly Ala Gin Trp Val Val His Ala Leu Arg Ala Gin Gly Val 
15 10 15 

Asn Thr Val Phe Gly Tyr Pro Gly Gly Ala He Met Pro Val Tyr Asp 

20 25 30 

Ala Leu Tyr Asp Gly Gly Val Glu His Leu Leu Cys Arg His Glu Gin 

35 40 45 

Gly Ala Ala Met Ala Ala He Gly Tyr Ala Arg Ala Thr Gly Lys Thr 

50 55 60 

Gly Val Cys He Ala Thr Ser Gly Pro Gly Ala Thr Asn Leu lie Thr 
65 70 75 80 

Gly Leu Ala Asp Ala Leu Leu Asp Ser He Pro Val Val Ala He Thr 
85 90 95 
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Cly Gin Val Ser Ala Pro Phe lie Cly Thr Asp Ala Phe Gin Glu Val 

100 105 HO 

Asp Val Leu Gly Leu Ser Leu Ala Cys Thr Lys His Ser Phe Leu Val 

115 120 125 

Gin Ser Leu Glu Glu Leu Pro Arg lie Met Ala Glu Ala Phe Asp Val 

130 135 140 

Ala Cys Ser Gly Arg Pro Gly Pro Val Leu Val Asp He Pro Lys Asp 
145 150 155 160 

He Gin Leu Ala Ser Gly Asp Leu Glu Pro Trp Phe Thr Thr Val Glu 

165 170 175 

Asn Glu Val Thr Phe Pro His Ala Glu Val Glu Gin Ala Arg Gin Met 

180 185 190 

Leu Ala Lys Ala Gin Lys Pro Met Leu Tyr Val Gly Gly Gly Val Gly 

195 200 205 

Met Ala Gin Ala Val Pro Ala Leu Arg Glu Phe Leu Ala Ala Thr Lys 

210 215 220 

Met Pro Ala Thr Cys Thr Leu Lys Gly Leu Gly Ala Val Glu Ala Asp 
225 230 235 240 

Tyr Pro Tyr Tyr Leu Gly Met Leu Gly Met His Gly Thr Lys Ala Ala 

245 250 255 

Asn Phe Ala Val Gin Glu Cys Asp Leu Leu He Ala Val Gly Ala Arg 

260 265 270 

Phe Asp Asp Arg Val Thr Gly Lys Leu Asn Thr Phe Ala Pro His Ala 

275 280 285 

Ser Val He His Met Asp He Asp Pro Ala Glu Met Asn Lys Leu Arg 

290 295 300 

Gin Ala His Val Ala Leu Gin Gly Asp Leu Asn Ala Leu Leu Pro Ala 
305 310 315 320 

Leu Gin Gin Pro Leu Asn Gin Cys Asp Trp Gin Gin His Cys Ala Gin 
325 330 335 
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Leu Arg Asp Clu His Ser Trp Arg Tyr Asp His Pro Gly Asp Ala He 

340 345 350 

Tyr Ala Pro Leu Leu Leu Lys Gin Leu Ser Asp Arg Lys Pro Ala Asp 

355 360 365 

Cys Val Val Thr Thr Asp Val Gly Gin His Gin Met Trp Ala Ala Gin 

370 375 380 

His He Ala His Thr Arg Pro Glu Asn Phe He Thr Ser Ser Gly Leu 
385 390 395 400 

Gly Thr Met Gly Phe Gly Leu Pro Ala Ala Val Gly Ala Gin Val Ala 

405 410 415 

Arg Pro Asn Asp Thr Val Val Cys He Ser Gly Asp Gly Ser Phe Met 

420 425 430 

Met Asn Val Gin Glu Leu Gly Thr Val Lys Arg Lys Gin Leu Pro Leu 

435 440 445 

Lys He Val Leu Leu Asp Asn Gin Arg Leu Gly Met Val Arg Gin Trp 

450 455 460 

Gin Gin Leu Phe Phe Gin Glu Arg Tyr Ser Glu Thr Thr Leu Thr Asp 
465 470 475 480 

Asn Pro Asp Phe Leu Met Leu Ala Ser Ala Phe Gly He His Gly Gin 

485 490 495 

His He Thr Arg Lys Asp Gin Val Glu Ala Ala Leu Asp Thr Met Leu 

500 505 510 

Asn Ser Asp Gly Pro Tyr Leu Leu His Val Ser He Asp Glu Leu Glu 

515 520 525 

Asn Val Trp Pro Leu Val Pro Pro Gly Ala Ser Asn Ser Glu Met Leu 

530 535 540 

Glu Lys Leu Ser 
545 
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(2) 3 <Dti&\\omn 

(i) 

(A) E?lJCDg$: 22 base pairs 

(B) mMtom- mm 
(o mom.-- —*m 

(D) htfdv?-: Umtk 

(in mmomm-. ^dna 

(iii) /Watf-feT"* tlJU: NO 
(iv) T>f-fe>X: NO 
(xi) WM' SEQ ID NO: 3: 
TAACATCACT GAGATCATGT TC 22 

(2) gS^J#^4CD&?lJ©1#$g: 
(i) 

(A) B£^J©S$ : 21 base pairs 

(B) E^IJOM: 

(o m<D&: — *«i 

(D) htfav*-: MM* 
(ii) E^IJOSS: <tfc<D&®? ^DNA 
(iii) 'W^-tr^-f tf^U: NO 
(iv) T>^-fc>X: YES 
(xi) B2^J: SEQ ID N0:4: 
TCTTTTCTTG CATCTTGTTC G 21 

(2) E^J#-^5©K^J©1im: 
(i) E^lJ©tt^: 

(A) E^lJ©^$: 22 base pairs 

(B) E?IJ©3!: 

(C) 8£CD&: — *fil 

(D) h^ai?-: gi^ 
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(ii) mm&mm: momk ^dna 

(iii) vN^r^-b-T 1 ^ tub: NO 
(iv) T>f-t?>X: NO 
(xi) B2^J : SEQ ID N0:5: 

TCTCTTTCTC AAGATTCAGG AC 22 

(2) wwm^ 6 o&Momn-. 

(i) BE^iJcDttM: 

(A) SS^J(D^$: 19 base pairs 

(B) mm<DM: mm 
(o mom.-. 

(D) htfnv?-: HiH* 
(ii) g£^IJ©S^: ffe©&& ^fiJtDNA 
(iii) tf-teT 4 il Jls: NO 
(iv) T^-trVX: YES 
(xi) E^lJ: SEQ ID NO: 6: 
CGCCGGTAAA CCAAAACCC 19 
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- 4 I 

^«fellwfcl>Tx H + -A T P a s e ^^tSU/cC £8fr£$7o 
»^«J«w*?l^T^ &W©fca&rcy#Sft£3£fcU H + - A T P a s e £^tl 

4. «i|ffll«fc«l*^«fl«»C»l!fe$tiyi:L-v<ij >^jS£^jHET-*«j#-r*C 

6 . < £ & i 1 vG , i 1 vM x i 1 v E RUf i 1 _:vD©&jtfc^-£fS 

7. i 1 v GME D A t^o VOL - ^''J >RCf/XttL ->f V o>f •> >R 
Cf /Xtt L-u>f ->>KJ:*T-r— i^--> 3 > K#£fc«Btt*<Bfc*£ ti/c c £ 
**JNft b-?Z> »^ 6 £4fi<Dffi^. 

$n5EJlJi:*i^T7^Utf K#^9 5 3-1 1 6 OOEflteWTSC 
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1 0. ®L£Jfoi)K x->iU hT • 3iJ W1485atpA401/ p MW d AR 6, -x.->i 
U k7-3«J W14851ip2/pMWdAR6X(i^>'iy t7 • ^ »J AJ12631/pM 
W d A R 6 ©t, vTftfrT& Sff^S 9 CttOtt^. 

1 1 . mmm i — 4 N 6 ~ 9 ©t vrna*— srcaatt© l -/< y >£.mw£%m-r 
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